Abstract Objectives: This study analysed the association between gender and upper extremity musculoskeletal complaints, among the general working population and in various occupational groups. The hypothesis was tested whether the higher risk for women in the general working population for these complaints could partly be explained by dierences in the distribution of men and women in occupations with dierent risks for the onset of upper extremity musculoskeletal complaints. Methods: The data for this study came from cross-sectional questionnaire data from 16,874 employees categorised in 21 dierent occupational classes. Associations between gender and complaints of the upper extremities were analysed for the total study sample and for each occupational class separately. An adjustment was made for the variable`occupational class' in the ®nal model in order to study the impact of occupational gender segregation on gender dierences in upper extremity complaints in the working population. Results: In the total study sample, signi®cantly higher risks of complaints of the neck, shoulder, elbow, and wrist among the women were observed. Within many occupational classes, women reported signi®cantly higher risks than did men, in particular for complaints of the neck and shoulder. Adjustment for occupational class showed increased risks for female workers for complaints of the neck, shoulder, elbow, and wrist, hence, rejecting our hypothesis on occupational gender segregation as an explanation for the higher risks for upper extremity complaints among women in the general working population. Conclusions: This study con®rmed the presence of gender dierences in upper extremity musculoskeletal complaints among the working population and in many occupational classes, with female workers having the higher risk. The results, however, do not lend support to a dierential occupational exposure theory as an explanation for the higher risks for these complaints among women in the general working population. Careful consideration of gender in¯uence in ergonomic epidemiological studies is recommended.
Introduction
During the past decade, upper extremity musculoskeletal disorders (UEMSD) have become one of the most signi®cant and costly health problems among the working population world-wide (Feuerstein et al. 1998; Muggleton et al. 1999; Silverstein et al. 1998) . Alternative terms for these disorders are: repetitive strain injuries (RSI), cumulative trauma disorders (CTD), and occupational cervobrachial disorders (OCD) (Rosecrance and Cook 1998) . Several extensive reviews have been published lately on the epidemiological evidence of work-related risk factors in the development of these types of disorder (Bernard 1997; Derebery 1998; Muggleton et al. 1999, Rosecrance and Cook 1998; Sluiter et al. 2000; ViikariJuntura and Silverstein 1999; Winkel and Westgaard 1992) . Most of the papers concluded that occupational exposure to factors such as highly repetitive work tasks, excessive forces, awkward working postures, and handarm vibration are associated with the onset of UEMSD.
The individual factor of gender has frequently been treated as a potential confounder or eect modi®er in ergonomic epidemiological studies (Bernard 1997) . Over the past years, elevated risks of complaints of the upper extremities among female workers have been reported in various occupational groups, e.g. among car assembly workers (Zetterberg and O È fverholm 1999) , newspaper employees , salespeople (Skov et al. 1996) , ®sh industry workers (Chiang et al. 1993; Nordander et al. 1999) , and oce workers (Bergqvist et al. 1995) . In large-scale studies of the general working population in dierent countries, the higher risk for women of the onset of these types of complaint have also been consistently observed (De Zwart et al. 1997a; Ekberg et al. 1995; Feuerstein et al. 1998; Franklin et al. 1991; Linton 1990; Tanaka et al. 1995) . The explanations for these gender dierences, however, are still poorly understood.
Recently, Kilbom and Messing (1998) discussed potential reasons for the higher musculoskeletal morbidity rates among female workers. The ®rst explanation that was hypothesised were the biological dierences between sexes in, e.g. body size, muscular capacity, aerobic capacity, and hormonal conditions, thought to make women more susceptible to the onset of musculoskeletal disorders. Secondly, outside of work, female workers may be more often exposed to risk factors for these types of disorder during household and child care activities than are men. Thirdly, gender-related dierences may be related to information bias, as women may be more likely to express or report health problems. Fourthly, within the same occupation, the assigned tasks between both sexes may dier, as well as the psychosocial work environment. Furthermore, work stations and applied tools at the work place may be inappropriate for women, as most of them have been designed on the basis of anthropometric data for men. Finally, women and men may be segregated into dierent jobs with dierent working conditions and thus consequently are exposed to dierent occupational risk factors.
This last-named dierential occupational exposure theory has often been mentioned as one of the most plausible explanations for gender dierences in health statistics among the general working population. Consistent evidence for this hypothesis concerning gender dierences in musculoskeletal complaints, however, is still lacking.
The objectives of this study are twofold: ®rstly, to analyse the association between gender and upper extremity musculoskeletal complaints among the general working population and in various occupational groups. Secondly, to test the hypothesis whether the higher risk in women in the general working population for these types of complaint can be explained partly by dierences in the distribution of male and female workers in occupations with dierent risks for the onset of upper extremity musculoskeletal complaints.
Methods

Subjects
The data for this study on complaints of the upper extremities came from cross-sectional questionnaire data on working conditions and health, from a database concerning 48,690 active male and female workers from the Netherlands. All questionnaires were gathered by a regional occupational health service (OHS) in the eastern part of the country between 1982 and 1993, as part of periodic occupational health surveys (POHS). For almost three decades, employees in the Netherlands have been invited by their OHS to participate in a POHS with intervals of approximately 4 years. The surveys are carried out company-wide on a voluntary basis. Reported participation rates vary around 70±90% (Weel et al. 2000) . A POHS consists of a standardised physical examination and a self-administered questionnaire. The survey primarily aims at identi®cation of adverse working conditions and work-related diseases (Weel et al. 2000) .
In case workers participated more than once in a POHS between 1982 and 1993, data from only the ®rst questionnaire were used. Excluded from analyses were all employees: serving in the armed forces (n 1,325), those with a mental or physical disability, working in sheltered workplaces (n 2,861), those with ages deviating from the range 15±64 years (n 18), and those with missing values on any of the items included in the analyses (n 433). In the remaining group of 44,053 subjects, occupational classes were constructed by grouping workers by their occupational titles in order to increase statistical power. This grouping procedure was based on the Dutch classi®cation of occupations. This national classi®cation system is derived from the international standard classi®cation of occupations in which occupations with similar work demands are grouped into occupational classes (ILO 1969) . Because of statistical considerations, we selected for the ®nal analysis data from occupational classes that had a minimum number of 50 subjects in each gender group. In total, 16,874 subjects were selected of whom 66.9% were men and 33.1% were women. Mean age of the men was 38.0 years (range 17±64) and of the women was 32.9 years (range 16±64). The sample included employees from 21 occupational classes representing a broad variation in work tasks and work demands (see Table 1 ).
Questionnaire data
The self-administered questionnaire, that has been used for almost three decades in POHS (Weel et al. 2000) and in several epidemiological studies (Broersen et al. 1996; De Zwart et al. 1997a,b; 1997c) , included 55 items about subjective work demands and working conditions and 117 items about subjective health complaints. For the analysis, data were selected from questions referring to current job title, age, gender, civil status, and ®nally complaints of the upper extremities. Subjective complaints of the upper extremities were estimated through the questions: (1) Do you regularly have pain or stiness in the neck? (yes/no); (2) Do you regularly have pain or stiness in the shoulder? (yes/no); (3) Do you regularly have pain or stiness in the elbow? (yes/no); and (4) Do you regularly have pain or stiness in the wrist? (yes/no).
Data analysis
Cox's proportional hazards regression analyses with a constant risk period were performed for the estimation of crude and adjusted prevalence ratios and 95% con®dence intervals as eect measures of the association between gender and complaints of the upper extremities (Breslow 1974; Thompson et al. 1998 ). Men were selected as reference population. Demographic confounders age (four groups £29, 30±39, 40±49, ³50 years) and civil status (two groups: single, and married/living together) were included in the adjusted analyses, regardless of the level of signi®cance. Moreover, we performed descriptive analyses of the prevalences of complaints to identify high and low risk occupations by gender.
To study the impact of dierences in gender distribution in occupational classes on the association between gender and upper extremity complaints in the general working population, we added the variable`occupational class' as a confounder to a model in which age and civil status were already included. This was done for all four complaints of the upper extremities separately. We then studied the change in prevalence ratios after entering the variable of occupational class in the model. Under the hypothesis that women are dominant in high-risk jobs, a decline in the prevalence ratios towards 1,0 was expected. Finally, we carried out likelihood ratio tests to examine the dierence in the log likelihood between the model with and without occupational class included. All data were managed and analysed with SPSS version 7.5 (SPSS, Chicago, Ill., USA). Tests were considered statistically signi®cant if P < 0.05.
Results
Working population
Highest prevalence rates of subjective complaints of the upper extremities among male and female workers in the total study sample were reported for the neck and shoulder, varying between 10.7% and 17.7% (Table 2) .
Women reported higher morbidity rates in both regions of the upper body than did men. Rather low prevalence rates were observed for complaints of the elbow and wrist, all less than 4%. After being adjusted for age and civil status, prevalence ratios from Cox's proportional hazards regression models showed higher risks among the women for complaints of the neck (prevalence ratio (PR) 1.90, 95% con®dence interval (95% CI) 1.75± 2.08), shoulder (PR 1.43, 95% CI 1.30±1.57), elbow (PR 1.23, 95% CI 1.02±1.47), and wrist (PR 1.31, 95% CI 1.09±1.58).
Occupational classes
The prevalences of neck complaints for women exceeded that for the men in all occupational classes, except for laboratory workers (Table 3 ). In 14 out of 21 classes, signi®cantly higher risks were found for women after we adjusted for age and civil status. A pronounced variety between occupational classes was observed in PRs among the female workers in particular, ranging from 5.1% to 38.4%. For women, laboratory workers were identi®ed as an occupational class with a relatively low prevalence, whereas teachers in secondary and higher education and assemblers of electronic products were identi®ed as occupations with a high prevalence. Among the men, less variety was observed, ranging from 6.0% to 16.7%. Here, salesmen and shop assistants, bookkeepers and accountants, and laboratory workers were found to show low prevalences, whereas a relatively high prevalence was reported for teachers in secondary and higher education. For prevalences of complaints of the shoulder, similar results were reported. In 19 occupational classes higher rates were observed for female employees compared with their male colleagues. After adjustment, the female status was found to be a signi®cant risk factor for shoulder complaints in ®ve occupational classes. Among the female workers prevalences ranged from 8.8% to 34.1%. Bookkeepers and accountants, and nurses reported the lowest prevalences for shoulder complaints. Highest prevalence was found among food and beverage industry workers. Among the men, prevalences varied from 6.6% to 17.2%. Housekeeping services and personal care, administration and laboratory work were found to be jobs with low prevalences, whereas the food and beverage industry and teaching in secondary and higher education were found to be jobs with relatively high prevalences.
In ten classes, prevalences of complaints of the elbow in men exceeded that of the women, this in sharp contrast to the results reported for the neck and shoulder (Table 4) . Only for teachers in pre-and primary as well as in special education was a signi®cant association found with gender, with the female workers having the higher risk. Moreover, a small variation in prevalences between the various classes was observed among the men (1.3% to 6.5%) as well as the women (0% to 9.1%). In female employees, lowest prevalences were reported for authors, printers, and bookkeepers and accountants, whereas relatively high prevalences were reported for teachers in secondary and higher education, assemblers of electronic products and cleaners and building caretakers. Among the male employees, lowest prevalences were reported for the occupational classes of laboratory workers, authors, and bookkeepers and accountants. Relatively high prevalences were reported among assemblers of metal and electronic products and teachers in secondary and higher education.
Prevalences of complaints of the wrist were higher for women in 15 occupational classes compared with men. Female employees tended to have higher adjusted risks than men for symptoms of the wrist among food and beverage industry workers, assemblers of electronic products, and material handling and related workers. Similar to elbow complaints, limited variation in prevalences was reported between all classes for male (0.9% to 5.5%) and female (0% to 13.7%) workers. For women, low prevalences were found in production and production-related workers, bookkeepers and accountants, and textile industry workers. Relatively high prevalences were reported in food and beverage industry workers and assemblers of electronic products. For men, low prevalences were found in bookkeepers and accountants, salesmen and shop assistants, and restaurant service workers. Relatively high prevalences were found in textile industry workers, production and productionrelated workers, and housekeeping services and personal care workers.
In contrast to the female status, within none of the occupational classes was the male status associated with a signi®cantly higher risk for one of the complaints of the upper extremities under study.
Gender segregation
In our study, men and women were found to be segregated into dierent occupational classes (Table 1) . Moreover, descriptive gender-speci®c analyses showed a wide variety in prevalences of upper extremity complaints between occupational classes. To evaluate whether some of the risk dierences between male and female workers in the total study sample could be explained by this gender segregation in working conditions, hypothesising that women are dominant in high risk occupations, we examined PRs unadjusted and adjusted for occupational class (Table 5) . Controlling for occupational class in the analyses resulted in an increase in the PR for the association between gender and all four types of complaint separately instead of the hypothesised decline, hence, rejecting our proposed hypothesis. Likelihood ratio tests reported signi®cant improvements of all four models after inclusion of the confounder occupational class (P < 0.001).
Discussion
The ®ndings of this study showed an association of gender with complaints of the upper extremities among the general working population as well as in many occupational classes, with female workers consistently showing the higher risk. At the level of occupational class, the gender dierences in morbidity rates were found to be more pronounced for the neck and shoulder compared with the elbow and wrist. Moreover, a wide variety in prevalences of upper extremity complaints between occupational classes was found for each gender group. Furthermore, our results could not con®rm the frequently stated hypothesis that the higher risk for women for upper extremity complaints in the general working population can be attributed to gender segregation in occupations, with women dominant in high risk jobs. Table 4 Gender-speci®c prevalences of complaints of the elbow and wrist, and adjusted prevalence ratios (males reference population, adjusted for age and civil status) with 95% con®dence intervals (95% CI) and P values strati®ed for occupational class (PR prevalence ratios) Occupational class 
Study limitations
Before we discuss the results, there are some potential limitations to the study that need to be acknowledged. The cross-sectional nature of this study limits causal inference between study variables, because working conditions were measured at the same time as subjective health complaints. Secondly, job titles and occupational classes were used in this study as surrogates for occupational exposure, as no other reliable exposure data were present. In general, this method is considered to be a rather crude manner of exposure assessment. Firstly, use of job titles can mask variability in tasks and task performance between individuals in the same job (Messing et al. 1994) . Secondly, within occupational classes, variability in tasks between jobs within the same occupational class is likely. These factors may have biased some of the work-relatedness of the reported gender dierences in complaints. However, despite these limitations, the use of these exposure measures have been proven to generate valuable information on associations between work and individual characteristics and upper extremity symptoms, in particular when data is analysed at group level from large and heterogeneous occupational populations (De Zwart et al. 1997a , Franklin et al. 1991 , Hagberg and Wegman 1987 , Tanaka et al. 1995 .
Generalisation of results
Selected employees represented 25% of all occupational classes at national level. The study sample was characterised by a large variation in occupations, representing a broad range in physical as well as mental work tasks. Moreover, extreme dierences in risks of complaints of the upper extremities could be observed between occupational classes, comparable with earlier ®ndings (Hagberg and Wegman 1987) . Further, typical male and female classes were present in the sample, as also has been reported in the general working population (Westberg 1998) . The total proportion of women in the sample (33.1%) showed satisfactory correspondence with that reported in the general working population in The Netherlands during the years 1987±1990, varying between 36.0% and 38.0% (CBS 1991). Hence, generalisation of the results of this study seems justi®ed.
Gender dierences in upper extremity complaints
The results on gender dierences in prevalences of upper extremity complaints as reported by this study are consistent with those found by others, reporting elevated risks for women within occupations (Bergqvist et al. 1995 , Chiang et al. 1993 , Nordander et al. 1999 , Skov et al. 1996 , Zetterberg and O È fverholm 1999 as well as among the general working population (De Zwart et al. 1997a , Ekberg et al. 1995 , Feuerstein et al. 1998 , Franklin et al. 1991 , Linton 1990 , Tanaka et al. 1995 . These gender dierences among employees have also been observed for other types of musculoskeletal symptoms such as back complaints (Dempsey et al. 1997) , although less marked than for upper extremity complaints (Punnett and Herbert 1999) . Moreover, also among the general population, gender dierences in morbidity such as musculoskeletal complaints are a widely known phenomenon (Gijsbers van Wijk and Kolk 1997).
Gender segregation
Judging by the increasing PRs in our study after being adjusted for occupational class, it seems that men not women are dominating jobs with high risk for the onset of complaints of the upper extremities, rejecting our An American study among workers in an electricity utility company, representing 4000 job titles, also observed increasing risks of work-related injuries for women, after being adjusted for occupational category (Kelsh and Sahl 1996) . In contrast, reported no gender dierences in the risk of carpal tunnel syndrome among industrial workers in 39 dierent jobs when occupational exposure factors were controlled.
Other explanations for gender dierences Several likely work-related and non-work-related explanations for the gender distribution of upper extremity complaints as found in this study can be presented. First, female workers may be thought of as more vulnerable compared with men due to biological dierences that may interact with workplace characteristics to aect health . This dierential vulnerability hypothesis suggests that although employed men and women may be exposed to similar levels of, e.g. physical work demands, dierent relative work loads may be experienced due to gender dierences in, e.g. maximal physical work capacities. Further, within many working situations, the work stations and applied tools may be inappropriate for female workers, as most of them have been designed for men, without taking account of anthropometric dierences between the sexes (Morse and Hinds 1993) . For example, according to data by Karlqvist et al. (1998) , women reported more awkward wrist and arm postures than men during computer work which was argued to be related with their smaller shoulder-widths. Besides dierences in capacities and anthropometry, it has been suggested that the higher risks for women may also be explained by hormonal gender dierence related to the female reproductive system, e.g. menstrual cycle, use of oral contraceptives, pregnancy, childbirth, and menopause (Chiang et al. 1993 . However, the precise mechanism behind the potential association between hormonal factors and musculoskeletal disorders still has to be explored. Although times are rapidly changing, the distribution of family roles still diers greatly between men and women (Lundberg et al. 1994 ). More often women apply for part-time jobs, allowing them to carry out household tasks and to take care of the children and partner . These dierences may therefore be part of the explanation for the ®ndings, as they result in gender dierences in the total exposure time to risk factors in paid and domestic work. Moreover, they strongly reduce the opportunities for workers to recovery physically after a working day. It is often assumed that lack of recovery time may trigger or cause a pathological process that ®nally manifests itself as a (work-related) musculoskeletal disorder (Kuorinka and Forcier 1995) .
Higher rates of physical symptoms among women have not only been observed in occupational populations (Gijsbers van Wijk and Kolk 1997), a strong argument for a non-work-related explanation. One often referred to is a fundamental dierence in the way men and women experience and report symptoms of poor health. It is often hypothesised that women report more discomfort in studies, but when examined, are less likely than men to have a clinical diagnosis. Previous research has yielded mixed results regarding this hypothesis. Among women, a lower pain-pressure threshold in the hand has been reported, suggesting that symptoms are triggered more easily than in men (Brennum et al. 1989 . However, the study of visual display workers by Bergqvist et al. (1995) , reported a stronger correlation between subjective discomfort and clinical diagnosis of musculoskeletal disorders for female compared with male workers. Similar ®nding were described in a Dutch review study, reporting no gender dierences or an overrating of symptoms of physical health disorders among men compared with objectively diagnosed clinical signs (Gijsbers van Wijk and Kolk 1997). Our study also produced no supporting results for this hypothesis, as dierential eects of gender dierences were observed by body part. If gender dierences were caused by a general higher rate of symptom-reporting among women, similar gender eects would have been expected between body parts.
Within the same occupation, identical working conditions might be expected between male and female workers. However, research data suggest that this is not always the case. Recently, Nordander et al. (1999) reported clear gender dierences in physical exposure and psychosocial work environment among workers with the same job title in the ®sh industry. This ®nding was explained by gender dierences observed in the content of the work tasks. Similar results about gender segregation in work tasks within the same job have been reported in other studies, often reporting women to be more exposed to highly repetitive movements, static postures, and monotonous tasks than are men (Fransson-Hall et al. 1995 , Mergler et al. 1987 , Messing et al. 1994 . In fact, within the study of Mergler et al. (1987) , gender dierences in musculoskeletal complaints between workers with the same occupational title disappeared after adjustment for the particular tasks performed. Gender dierences in psychosocial work environment as reported within the same job, or gender dierences in the way of coping with psychosocial factors, may also attribute to the higher risk for women of complaints of the upper extremities. An association between the psychosocial work environment and these symptoms has often been reported (Bernard 1997 , Muggleton et al. 1999 , Rosecrance and Cook 1998 . The precise role played by these psychosocial conditions needs more study with a gender sensitive approach, including conditions at work, in the domestic setting, and interactions between them (Kilbom and Messing 1998).
In our study, gender dierences in upper extremity complaints, with women consequently reporting the higher number, were found in a wide variety of occupational classes, in particular for complaints of the neck and shoulder. This suggests that gender dierences in musculoskeletal disorders are independent of the type of occupation, a strong argument for one of the non-workrelated explanations mentioned earlier. On the other hand, the theory of gender segregation in work tasks among employees in the same job may also still be a plausible explanation for our ®ndings. However, whether this phenomenon is independent of the type of occupation is questionable.
Conclusions
In conclusion, this study con®rmed the presence of gender dierences in upper extremity musculoskeletal complaints among the working populations as well as within several occupational classes, with women reporting the higher numbers of symptoms. The results, however, do not lend support for a dierential occupational exposure theory as an explanation for gender dierences in upper extremity complaints among the general working population. Gender dierences in health presumably can be regarded as a multicausal phenomenon. Potentially, it can be attributed to dierences in work-related and non-work-related factors between sexes. Therefore, understanding the origin behind gender dierences in upper extremity complaints and in musculoskeletal complaints in general, warrants further studies with a multifactorial approach. Meanwhile, it is obvious that the signi®cant dierences between male and female workers, for risk of these complaints, argue for a careful consideration of gender in¯uence in ergonomic epidemiological studies.
